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ABSTRACT

The -Ata from the experimental high intensity flbire systems tested at

the MAPI test site at NAD Crane was reduced to foot-candle, candlepower,

atid average candlepower measurements and was analyzed for significance.

There was rIo large significant difference in candlepower shown between

systems of flares, The horizontal multiple flare systems rated slightly

higher in average candlepower than the vertical multiple flar'e systems,

The candlepomr was approximately directly proportional to the cross

sectional area of the flare. There was good correlation between tunnel

data and HAPl data for the Mk 24 Flares. The burning rates for all

systems were about the same.
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EXPERIMENrAL HIGHI NtXENSITY FLARE SYSTEMS DATA REDUCTION AND ANALYSIS

INTRODUCTION

The following is a report on the reduction of the data taken at the

Multi-Aspect Assessment of Pyrotechnic I-llumination (MAPI) test site At

NAu Crane and an analysis of test d&tA of experimental high intensity flares.

The steps taken in reading and simplifying the data and arriving at a candle-

power measurement for a flare are discussed. A flow chart for the data

reduction is shown on page 2 , The dnta for the high intensity flare

systems was analyzed for significant difference between types. Nk 24

data is given as a standard for comparisoii purposes. Other flare

characteristics including burning rates, efficiencies, etc., were also

investigated.
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DATA REDUCTION

1. Data Received. The data is collected in thq form of photographs of an

os!'illoscope trace and graphs from continuous recordings. There are up to

eight s;amples in time (8 phvtotraphs) for each flare tested. On the photo.-

graphs there are readings from 57 plotoelectrte cells which yield 57 spikes.

The heights of the spikes correspond to voltages produced with •ul ea;e

(5 major divisions of the oscilloscope gr..d) being 10 milltvolts. Figure 2

is a sample of thiL3 type of photograph. Two photoelectric cells are connected

to recorders which give continuous traces of voltage output. Time markings

are made on thoe cntinuous recordings to show the time the samples on the

photographs were ttVen. Figure 3 shows the grid pattern of the MAPI photo-

electric cell layout which includes 53 cP'Is on the grulind (including the two

cells which are connected to continuous recorderi,) and 6 cells on the towers.

The ground cells labled R, and R2 are connected to the two continuous recorders.

2. Readint. oC Data. Reading the data from the photographs requires the

measurement of the heights of the 57 opikes. This is done by using an Oscar K

reader which automaticnlly oper'ates a key punch and a typiewriter. A picture

of the Oscar K with typewriter and key punch attached is shown in Figure 4.

The Oscar K is first calibrated so that full scale equals 5 major divisions

of the oscilloscope grid on the photographs. The Oscar K gives readings from

000 to 999 which corresponds to 0 to 9.99 millivolts. The photograph is placed

on the Oscar K and aligned so that the zero position of the Oscar K coincides

with the oscilloscope base line on the photographt. Taking a reading then

amounts to adjusting two knobs so that two lines intersect on the bright npot

3
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at th•k top of tha spike being read and pressing a button. The data from the

Oscar K, which includes sample number, cell number, and cell reading, is

punched on cards for computer processing and also typed at the same time to

give a .printed copy of cell readings for checking and for future reference.

The sample number is set on a dial at the beginning of each photograph and

the cell numb.,r records automatically. After the 57 readings are taken, the

readings at this sample in time from the two continuous recordings are keyed

into the Oscar K by hand. The average time required by using the Oscar K is

4 to 5 minutes per photograph which is much less than would be needed to read

the photographs by hand and punch the data on cards by hand.

3. Data Processing.

a. The data cards from the Oscar K along with cell calibrations and the

Ssquare of the distances frcm each cell to the flare are fed into a coinputer

i programmed to compute foot-candles and candlepower for each cell. Corrections

I arck mode to the values of cells 52, 53, 54, and 55 which are on the towers to

project them onto the ground to points PI, P2 , P3 , and P4 as can be seen in

Figure 3. The foot-candle and candlepower information is punched on cards

from which a print-out is made for each, foot-candles and condlepower, show-

ing all samples in time (in adjacent columns) for all cells for each test.

The data on these cards also include test number, sample number, and cell

number. Thesa cards will be kept on storage for future use or reference.

LVor the purpose of computing an average candlepower, the candlepower data

from this set of cards is regrouped by a computer and punched on another set

of cards which can be sorted automatically.

7
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b. For the purpose of riting a flare an average candlepower is needed.

There was much consideration in deciding the best method of computing average

candlepower, Several me t hods were proposed and discussed. Since the cells

located on the down wind side are smoke attenuated, it would not be fair to

use these cells in computing an average candlepower as this would under-

estimate the true value of the flare output. It seemed that the best way

would be to take the average of only those cells in the up wind half.

1owever, this presented a problem. Due to shifting winds and swirling smoke

it is not always easy to determine which cells are in the up wind half and

are not smoke attenuated at the instant the photograph was taken. It was

felt that at any time approximately one-half of the cells would be smoke

attenuated which would cause one-half of the candlepower readings to ba low.

Therefore, it was decided that the easiest and most accurate way to compute

average candlepower for a flare was to average the candlepower of those cells

whose candlepower was in the top half of the candlepower readings. Cells 56

and 57 which are horizontal to the flare are not used in this computation.

The candlepower data cards are sorted to arrange them in order of magnitude

and are then fed into a computer programmed to find the mean and st&ndard

deviation of the highest half (high 28) of the candlepower readings fur each

sample in time. 1The average candlepover of a flare is then found by taking

the average of these means,

c. Flares were also rated by the average candlepower given by the con-

tinuous recordings R, or R2 , Only the one which was up wind was used. In

all cases the continuous recorder that was used had its cell looking in the

direction that was within 450 of the wind vector. The average candlepower

8
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was found by hand integrating the continuous recordings with a planimeter

over a period of 60 seconds or 120 seconds depending up6n the burning time

of the flare. RI was used for. tests 2 through 12 and R2 was used for tests

13 through 26.

t9
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TEST RESULTS AND ANALYSIS

1. Test Results.

a. Table I shows the candlepower for each sample in time and the average

over-all timesi basd on the average of the high 28 cells, for 18 flare systems

tested at the MAPI test site. Sample number 8 was not used to compute the

over-all mean in sýme cases since this candlepower gas much lower than normal

beck ae the flare was about burned out when this sample was taken. Also, as

can be seen from Table I, the.=e were less than 8 samples taken for some of

ri the flares,

b# The over-all flare averages from table .1 along with the candlepower

obtained by integration of R, or R2 recordings are shown in Table 2. Adjacent

R1 and R2 and high 28 readings are for the same flare. Figures 5 and 6 are

104 ' graphs of these candlepower readings of R, and R2 and high 28 cells, respectively.

7!! There was no data to compute high 28 values for tests 21 through 26 becAuse of

instrumentation malfunction. However, datq was obtained on the continuous

recordings for these tests.

c. Other data shown in Table 2 includes results of field tests conducted

at Patuxent River, Maryland and candlepower of Mk 24's which were burned in

the light tunnel at NAD Crane. The Mk 24i tunnel readings are for flares

taken from the same batches as the Mk 2i4's tested at the MAPI test site.

2. Correlation of R_ and R? Versus High 28 Cells. The candlepower readings

c.xnputed by using RI and R2 averaged approximately 7.5% higher than the read-

ings found by using the high 28 cells. The correlation between the two mthods

is shown in Figure 7. If the two methods gave the same readings, all points

10
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would lie on the dotted line (one to one line),. However, the line of best

fit for the points is approximately 7.5% above the one to one line.

3. Correlation of Tunnel Versus MAPI Test Site. For the M- 24's there was

good correlhtion for batch averages between tunnel data and MAPI data. No

other correlation could be made since the other flares were not burned in

the light tunnel. Each time flares were tested at the MAPI test site,

Mk 24's from the same batch were tested at both the MAPI test site and in

the light tunnel. The batch averages a.e shown graphically in Figures 8 and

9. In both cases, tunnel versus R1 tnd R2 and tunnel versus high 28 cells,

the points lie close to the one-to-one line, thereby increasing the confidence

in ••PIT test site data.

It. Analysis oC Data.

a. The data for the high candlepower flares was analyzed to try to

determine if any flare system or group of flare systems rated higher than

others. An analysis of varianre. and multiple range test were run on the data

for each method of rating a flare. The mean and standard deviation for each

type of flare system are shown in Tab•l 3 and the means are shown graphically

ranked in order in Figure 10. The Analysis of variance of the high 28 cells

data showed a significant difference between types with the three W 24's -

horizontal being significantly higher than the rest and the 7Y-inch candle-

horizontal being significantly lower than the others. No significant differ-

ence could be shown between the other four types. Although the analysis of

variance on the 11, and R2 data also showed a significant difference between

types, there were no definite divisions between types. As can be seen in

Figure 6, there is a general decrease in candlepower going from each type

11
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to the n4xt ' BecaUse of thi- small- saiple size and the large within type

vsrtatiofi it wns fot podislA-e to shSw significant difference between any

two adjkacent "typsi Thee was more within type variation of the R, and P-2

data than for the high 28 cellS data.

:b. ven though- n significant difference could be shown, it should be

noted that for all c~ses of the multiple flare systems the horizontal con-

figurations yielded al hlgher average candlepoier as seen from the ground than

the vertical configurations. Therefore, there is an indication that the

horizontal arrangement might be more efficient.

c. For one flare of each type the horizontal candlepower canputed from

cell 57 is shown in Taible 3. Cell 57 was located on one of the towrs

horizontal to the burning, flare and on the upwind side. The horizontal

candlepower of the multiple horizontal flare systems was considerably less

than the average candlepower seen from the ground due to the fact that the

cell could not see all of the flares of the system. However, the horizontal

candlepouer of the other systems was higler than tha average candlepower seen

from the ground.

d. The field test data [rom Patuxent River listed in Table 3 shows a much

different ranking order for types of flares than was found at NAD Crane. In

view of aIl the datn the decision of which flare system should be considered

further should be based more upon ease of manufaciure, cost, reliability, etc.,

than upon the candlepouv.r readings of present data.

5. Burniu ýRatte. Additional information including candle sizes, burning

time, efficiencies, etc., of the different systems or flares tested are

12
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found in Table 4. The burning rates in inches per second] which are listed

in Table 5 are approximately the same for aV1 systems.

6. Efficiency. The efficiencies in candlepower-seconds per gram are shown

in Table 6. For the single M 24's the efficiency from the tunnel data is

about the same as the efficiency from the MAPI data of the high 28 .l]s.

The efficiency of the multiple systems of nitelites rates about the same

as the efficiency of a single Mk 24 while the 7½-inch candles and the

multiple systems of '-R1 24's rate lower in efficiency.

7. Candlep•ower versus Cross Sectional Area and Diameter. In Figure 11 candle-

power is plotted against diameter and cross sectional area of the flare.. For

the individual units which were burned vertically, there seems to be a straight

line relationship between candlepower and cross sectional area as shown by the

straight line on the graph. This is also shown by the curved line effect of

the same candles on the graph of candlepower versus diameter.

13
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TABLE 2
AVERAGE CANDLEPOWER FOR INDIVIDUAL FLARE SYSTEMS

MAPI TEST SITE PATUXEI? CRANE
R, &_R2 _ __h 28_ _ RIVER TUNNEL

3-Mk 24's Horizontal 4,665,000 4,536,000 3,570,000
5,274,000 4),75,000 4,760,000
5,127,00o ,2,0 3 00

6-Nitelites Horizontal 41496,000 4,312,000 5,010,000
5,127,000 40297,000 3,820,000

51925,000

3-Mk 24's• Vertical 4v546,000 4,251,000 4,260,000
4t,658,000 4,218,000 5,100,0004,444.000 -41320,000 ... .

6-Nitelites Vertical 4,287,000 4,155,000 3,780,000
4,616,000 4,023,000 4,130,000S.... _4,156,0.00 . .. -_.. _- 4,460,0.00

7.½-Inch Candle Vertical 3,870,000 4,o49,000 3,190,000

4,049,000 3,941,000
___-__ _________-_. . 3,982,000

7-i-nch Candle Hlorizoritil 3,701,000 3,604,000 4,130,000
3,441,000 3,183,000

1-Mk 214 Mod 3 Vertical 2,188,000 1,912,000 1,600,000 2,079,000
1,980,000 1,834,000 1 ,90Q,000
1,890,000 1,736,000 1,900,000
1,745,000 1,737,000 1,722,000
1,432,000 1,675,000

1,718,000
__,7_2,0o00

22
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TABLE 3
AVERAGE CANDLEPOWER FOR TYPES OF FlARE SYSTEME

Horizontal CP Crane Patuxent
R, & R2  High 28 Cell 57 Tunnel River

3-Wl 24's n=3 n=2 n-l n-=2
Horizontal 7=5,011,000 ;L&,506,000 xu-3274,000 ;=4,1651,000

__ ___--__ s~l=313000 0 s=8.42_.000

6-Nitelites n=3 n=2 nul n=2
Horizontal ;x5,183,000 7-4,304,000 x--=2,855,000 x41 ,415,000

s=71 s6,l ,000

3-Hk 24's n=3 n=2 nwl n=3
Vertical x-d ,51494000 ;=4,2314 ,000 7'-5 ,402,000 ;=,560,000

- .s=107,000 s=23,000 S=469,000

6 -41t t I tes n=3 n=2 n=l n=3
Vertical x--L$,353,000 x•4,089,000 x 4,91iJ1,0000 124,13,000

-=237,000 s=931,000 ... s.-,z340,,000 • .o

7½-Inch Candle n=3 nt2 n--- n=l
Vertical x=3,967,000 7-3,995,000 ý-5,291,000 -;r-3,190,O00

___. .. ... ______ _ _s=90,000 s=76,000

7½-Inch Candle n=2 n=2 n=l n --
Horizontal x=3 ,571 ,000 7=3,394& ,000 •=3 ,898 ,000 :'ý4 #,130,000

s=-814,000 s=298,000

I-Mk 24 n=5 n=4 nwl n=7 n--
Vertical ;l=I,847,O00 7'=1,805,000 x72,235,0000 :rýl,814,000 x-I,600,000

_=282IR00. s=85t00 . s=150,000
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RDTR No. 57

TABLE 5

BURNING 1J.T (IN/SEC)

6-Nitelites Horizontal 4107
.111

-. 104

6-Nitelites Vertical .103
.112
.107

3-M4k 24's 1Porizontal .105
.106
.108

3-Mk 24's Vertical .097
.105
"o109

7½-Inch Candle Vertical .116
.097
.088

7½-Inch Candle Horiztonal .090
.077
.081

1-Mk 24 Mod 3 .111
.097
.102
.096

.093
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RDrR No. 57

TABLE 6
EFFICIENCY (CP-SEC/GRAM)

High 28 Rl& R2  Tunnel

6-Nitelites-Rorizontal 4P,00 46,000
45,000 54,000

6-Nitelites Vertical 44,000 45,000
39,000 45,000

S42,000

3-Mk 24's Horizontal 36,000 37,00&
35,000 41,000

39,000

3-Mk 24's Vertical 36,000 38,000
33,000 36,000

34,000

7-½-Inch Candle Vertical 32,000 3],000
37,000 38,000

34,000

7½-Inch Candle Horizontal 30,000 31,000
31,000 34,0COI I

l-Mk 24 Mod 3 42,000 4 49,000 44,000

42,000 46,000 42,00044,000 45,000 44,0000
46,000 so,000 44,000

.. ... 38,000
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